The antibody response against an amastigote-specific protein (A2) from Leishmania donovani was investigated. Sera from patients with trypanosomiasis and various forms of leishmaniasis were screened for anti-A2 antibodies. Sera from patients infected only with L. donovani or Leishmania mexicana specifically recognized the A2 recombinant protein. These results were consistent with karyotype analyses which revealed that the A2 gene is conserved in L. donovani and L. mexicana strains. The potential of this antigen in diagnosis was further explored by screening a series of sera obtained from patients in regions of the Sudan and India where L. donovani is endemic. The prevalence of anti-A2 antibodies was determined by Western blotting for all samples. Enzyme-linked immunosorbent assay (ELISA) and an immunoprecipitation assay were also performed on some of the samples. Anti-A2 antibodies were detected by ELISA in 82 and 60% of the samples from individuals with active visceral leishmaniasis (kala-azar) from the Sudan and India, respectively, while the immunoprecipitation assay detected the antibodies in 92% of the samples from India. These data suggest that the A2 protein may be a useful diagnostic antigen for visceral leishmaniasis.
Leishmania species are responsible for a wide spectrum of diseases, including self-healing skin ulcers (cutaneous leishmaniasis due to species of the Leishmania tropica and L. mexicana complexes), mutilating lesions of the oronasal-pharyngeal mucosa (mucocutaneous leishmaniasis due to L. braziliensis), and fatal visceral infections (visceral leishmaniasis due to species of the L. donovani complex). Leishmaniasis is considered by the World Health Organization to be one of the six major tropical diseases of developing countries (22) . Leishmania is a dimorphic protozoan which exists as a flagellated promastigote in the sandfly vector and as an intracellular amastigote in the mammalian host. The cellular transformation of the Leishmania parasite into an amastigote occurs within the phagolysosomal compartment of host macrophages, where it also multiplies. It is the amastigote stage which is responsible for the pathology in susceptible vertebrate hosts (for a review, see reference 14) .
We have previously isolated and characterized a gene, termed A2, which is specifically expressed in the amastigote stage of L. donovani, the causal agent of visceral leishmaniasis (4, 5) . We have also identified the A2 protein and shown that it is specifically expressed at high levels in amastigotes but not in promastigotes (23) . The A2 gene is one of the few amastigote-stage-specific genes identified in Leishmania (4) .
The A2 gene product is composed mostly of a highly conserved repetitive element which has identity with an S antigen of Plasmodium falciparum (4) . The A2 locus is comprised of at least seven genes, which differ with respect to the lengths of the sequences encoding the repeat peptide unit (5, 23) . A2 proteins range in size from 45 to approximately 100 kDa (23) and were shown to be recognized by serum from a patient with visceral leishmaniasis (4) . Since A2 is amastigote-stage-specific and is immunogenic (4), we investigated its potential as a diagnostic antigen.
Diagnosis of visceral leishmaniasis cannot be made solely on the basis of clinical signs and symptoms because of its resemblance to other causes of febrile splenomegaly such as malaria, typhoid fever, and tuberculosis, to name a few. Initial assessment based on symptoms is confirmed through culture of parasites from aspirates of spleen, bone marrow, or lymph node. Methods used for the diagnosis of visceral leishmaniasis may also rely on immunological techniques which detect circulating antibodies. Serological test procedures include the direct agglutination test, which involves the detection of aglutinating antibodies against Leishmania (7, 19) ; the immunofluorescent-antibody test (IFAT), with whole organisms used as antigen; the enzyme-linked immunosorbent assay (ELISA); and PCR. However, immunodiagnostic methods using whole parasites as the source of antigen are often limited by the problem of cross-reactivity between species (reviewed in reference 12). Thus, there is a need for specific antigens in diagnostic tests, particularly in the case of visceral leishmaniasis.
We report here an evaluation of patient antibody responses against the A2 protein by screening sera with a recombinant A2 protein fused to glutathione S-transferase (GST) in Western blot assays and ELISAs. We have also combined immunoprecipitation and Western blot analyses to screen sera. We present results which show that A2 may be a valuable diagnostic antigen for serodiagnosis of visceral leishmaniasis.
Human sera. Three different groups of immune sera were screened in this study. The first group was used to determine the specificity of anti-A2 antibodies, while the two other groups were used to determine the prevalence of anti-A2 antibodies in individuals with visceral leishmaniasis.
(i) Group A. Group A included sera from the Centers for Disease Control and Prevention (CDC) (Atlanta, Ga.) from patients with different types of Leishmania infections and Trypanosoma cruzi infections.
(ii) Group B. Group B included sera from the CDC collected from patients admitted to a Sudanese hospital. These were patients with kala-azar-acute visceral leishmaniasis-admitted for treatment (see Table 2 ). Sera were screened at the CDC by IFAT with whole parasites as antigen. Some of the sera were also subjected to a direct agglutination test. Three samples from hospital patients admitted for reasons other than leishmaniasis that tested negative on the IFAT represent the control group.
(iii) Group C. Group C included sera collected in India from patients in various stages of treatment or recovery from kala-azar. They had been diagnosed with visceral leishmaniasis based on clinical signs of the disease (hepato-splenomegaly, fever, weight loss, hair loss, and hypergammaglobulinemia) and on parasite culture of splenic and/or bone marrow aspirates. Samples were divided into two categories: (i) patients with active disease and (ii) patients in healing and remission from whom blood was drawn at different times after treatment. For most of the patients, a standard intravenous antimony treatment of 20 mg/kg of body weight/day for 30 days was used. Five samples from a control group representing unexposed hospital workers with no history of visceral leishmaniasis were used as negative controls.
We deemed important the use of endemic control sera for this study. 
RESULTS
Karyotype analyses of A2 genes. The A2 genes were originally isolated from L. donovani donovani (4) . To determine if the A2 gene is conserved in other L. donovani subspecies and Leishmania species, karyotype analysis of Leishmania chromosomes was performed. Analyses revealed that the A2 genes were conserved only in species from the L. donovani complex (New World and Old World visceral agents) and L. mexicana (New World cutaneous agent) (Fig. 1) . The A2 gene was not detected in the L. tropica complex (L. major, L. tropica, and L. aethiopica) or the L. braziliensis complex. These data show that the A2 genes are specific to L. donovani and L. mexicana. It is possible that the A2 genes have diverged in the other species to such an extent that they do not hybridize with the A2 probe at the high-stringency conditions used.
Specificity of the anti-A2 antibody response. Because of the specificity of the A2 gene to visceral agents and its absence in most cutaneous species, we determined whether there was a similar specificity in the anti-A2 antibody response. Western blot analyses of immune sera against a recombinant A2-GST fusion protein was performed. Figure 2 shows an example of the Western blot procedure used to screen the serum samples. Total proteins from E. coli cells expressing the recombinant A2-GST fusion protein (Fig. 2A, lane a) and control recombinant GST alone (lane b) were subjected in parallel to SDSpolyacrylamide gel electrophoresis. Purified versions of the recombinant proteins were also run in parallel ( Fig. 2A, lanes  c and d) . The GST protein alone ran at 22 kDa, while the GST-A2 fusion protein ran at 44 kDa. As positive controls for Western blotting (Fig. 2B) , A2 was detected with the anti-A2 monoclonal antibody C9 (23) or immune serum which was previously shown to react strongly against L. donovani antigens from a young Iranian patient suffering from visceral leishmaniasis (4) . Figure 2B demonstrates that this Western blot analysis could be used to identify sera containing anti-A2 antibodies.
FIG. 1. Karyotype analyses and detection of the A2 gene in
Leishmania species associated with pathology in humans. Chromosomes were separated by PFGE (A) or TAFE (B). Equal loading was verified by agarose gel staining. Southern blot membranes were hybridized at high stringency with a probe representing the A2 protein coding region (a 1.1-kb XbaI-XhoI fragment purified from a genomic clone). Lanes: Table 1 for details of Leishmania spp. used). Molecular weights were determined with yeast chromosomes. Prevalence of anti-A2 antibodies in L. donovani-infected individuals. Based on the results of Western blot screening for anti-A2 antibody response (above), we examined the prevalence of anti-A2 antibodies in sera from a larger population of L. donovani-infected patients. In Western blot analyses, a positive response against the A2 recombinant protein was detected in 41% of L. donovani-infected individuals in the Sudan and 48% of those in India, as well as in 33% of individuals in a posttreatment stage (Table 2 ). In ELISAs using the purified recombinant A2-GST and GST alone as a negative control (as shown in Fig. 2A), 18 of the 22 Sudanese sera tested and 15 of the 25 Indian sera tested from infected individuals showed IgG reactivity with the recombinant A2 above the cutoff level (Table 2 and Fig. 3 ), while there was no reactivity with GST alone (data not shown). This corresponds to, respectively, 60 and 82% of positive cases detected. As shown in Fig. 3B , patients in posttreatment were separated according to the time at which serum samples were collected after treatment. Group III represents patients up to 12 months after treatment, and group IV represents patients from 24 to 106 months after treatment. Surprisingly, one patient who had been treated for visceral leishmaniasis more than 8 years before (106 months) tested positive in the ELISA (Fig. 3B) .
Immunoprecipitation analysis was also performed to examine reactivity against conformational epitopes on A2. It was thought that this assay might provide better sensitivity for detecting anti-A2 antibodies. Total solubilized proteins derived from cultured L. donovani were immunoprecipitated with immune human sera, and the immunoprecipitated proteins were subjected to SDS-polyacrylamide gel electrophoresis. A2 proteins in the immunoprecipitates were then identified with the anti-A2 monoclonal antibody by Western blot analysis. Figure 4 shows representative data for several samples. Immunoprecipitations were performed only with the sera collected in India (group C). Ninety-two percent of active disease cases tested positive for anti-A2 antibodies by this analysis (Table 2) , as opposed to 48% positive with Western blotting only and 60% with ELISA only. These data demonstrate that the immunoprecipitation analysis was the most sensitive approach for identifying anti-A2 antibodies. This also indicates I, control sera that tested negative on IFAT for leishmaniasis from patients in a Sudanese hospital; II, sera from patients with active disease. (B) Indian samples (group C): I, control sera from unexposed hospital workers; II, sera from patients with active disease; III, sera collected from treated patients up to 12 months posttreatment; IV, sera collected from treated patients more than 12 months posttreatment. p36 and p106 correspond to serum samples collected from patients 36 and 106 months, respectively, after treatment. 
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that many of the antibodies produced against A2 recognize conformational epitopes.
DISCUSSION
Karyotype analyses of species from the four Leishmania complexes (L. donovani, L. mexicana, L. tropica, and L. braziliensis) revealed that A2 genes are conserved in Leishmania strains of the L. donovani and L. mexicana complexes but not in strains of the L. tropica or L. braziliensis complexes. From a phylogenetic point of view, the conservation of A2 genes in both L. donovani and L. mexicana establishes an interesting link between these two groups, etiological agents of different types of leishmaniasis. L. donovani and its subspecies are responsible for visceral leishmaniasis in the Old and New World, while L. mexicana is an exclusively New World species that causes cutaneous lesions.
Since the expression of A2 is amastigote specific and this stage is associated with pathology in humans, we were interested in examining antibody response against the A2 protein.
We demonstrated by immunoblotting that the A2 antibody response was specific for patients with visceral leishmaniasis and L. mexicana infections and that there was no cross-reactivity with sera from individuals with other parasitic diseases. The anti-A2 antibodies were not detected in patients with cutaneous leishmaniasis caused by L. major, L. tropica, or L. braziliensis, nor in individuals with nonleishmanial diseases. This was consistent with the karyotype data showing that the A2 genes were conserved in L. donovani and L. mexicana.
Patients infected with L. donovani were screened for anti-A2 antibodies by using a recombinant A2 as well as native A2 proteins. Immunoprecipitation of A2 protein and then detection of immunoprecipitated A2 with anti-A2 monoclonal antibody identified anti-A2 antibodies in 92% of patients with active visceral leishmaniasis. Western blotting alone and ELISA using the recombinant A2 were less sensitive (48 and 60%, respectively). This result shows that A2 holds considerable potential as an antigen in serodiagnosis and that further studies should focus on the development of A2 as a serodiagnostic antigen for visceral leishmaniasis.
A large number of patients potentially infected with L. donovani can be tested by serodiagnosis, replacing techniques that rely mainly on the identification of parasites from tissue biopsy. The A2 antigen can be added to the list of parasite antigens potentially useful for specific immunodiagnosis of visceral leishmaniasis. This list includes native proteins such as gp63, which can permit a distinction between ongoing and previous infections to be made (15) , a p32 membrane protein of L. donovani infantum promastigotes which is suitable for the specific diagnosis of Mediterranean visceral leishmaniasis (21) , and the 70-and 72-kDa proteins purified from L. donovani promastigotes (9, 10), among others. Recombinant proteins have also proven useful, among them rK39, a recombinant protein that contains a 39-amino-acid repeat part of a 230-kDa protein predominant in L. chagasi tissue amastigotes (3), and recombinant gp63 antigens from L. chagasi and L. donovani (18) .
Contrary to proteins such as gp63, A2 is specific to L. donovani and L. mexicana, which eliminates misdiagnosis due to cross-reactivity. A2 also has two characteristics that resemble the L. chagasi 230-kDa protein whose 39-amino-acid repeat was shown to be a useful antigen for serodiagnosis of visceral leishmaniasis (3): A2 is amastigote stage specific, and it contains a repeat sequence. rK39 was shown to be an early surrogate marker for disease progression in visceral leishmaniasis, and rK39 seroactivity correlates with active disease. Ninetyeight percent of active disease cases were detected with this marker (1) . As shown in the present study, high levels of anti-A2 antibodies also occur in cases of acute visceral leishmaniasis, demonstrated by the detection of 92% of individuals with active disease by using the A2 antigen.
A2 is a protein that is developmentally expressed in the amastigote stage of the parasite, the stage at which the Leishmania organism is in the phagolysosomal compartment of host macrophages. As previously suggested (1), during the acute phase of the disease the host may produce specific antibodies, including the A2 and K39 antigens, against replicating Leishmania organisms. We suggest that A2 could be employed in conjunction with the recently developed rK39 antigen in the serodiagnosis of visceral leishmaniasis. It could, for example, be used as a second antigen when positive results are equivocal with the rK39 antigen.
The anti-A2 monoclonal antibody which was raised against a recombinant A2 protein (23) was also shown in this study to be capable of reacting strongly on Western blots with the A2 protein. The A2 monoclonal antibody may be useful for distinguishing L. donovani and L. mexicana from other Leishmania strains. Monoclonal antibodies have previously been used in serodiagnostic assays. For example, Jaffe and McMahonPratt (8) have developed a competitive serodiagnostic assay for visceral leishmaniasis using species-specific L. donovani monoclonal antibodies. The assay is based on the specific inhibition of monoclonal antibody binding to a crude parasite homogenate by serum from patients with visceral leishmaniasis. Monospecific antibodies are also suited for the taxonomic identification of Leishmania species (11, 16) , and several species-specific leishmanial proteins have been identified with monoclonal antibodies (9, 11) . The anti-A2 monoclonal antibody could, for example, be used to differentiate between visceral leishmaniasis due to L. donovani or L. tropica infections. In a recent study (17) , L. tropica was found to visceralize in some individuals, confirming that L. tropica is a coendemic agent of visceral leishmaniasis in India. The same visceralizing effect of L. tropica was observed in soldiers returning from Operation Desert Storm (13) .
In summary, we have examined the antibody response against the amastigote-specific antigen A2, which is present in members of the L. donovani and L. mexicana complexes. The antibody response to the L. donovani and L. mexicana complexes was specific enough to hold potential in serodiagnostic assays for visceral leishmaniasis. A2 is one of the only L. donovani amastigote-specific markers identified to date, and we suggest that it may prove valuable in a serodiagnostic test that uses a spectrum of antigens specific to different stages of the Leishmania parasite and/or to different species. 
